Abstract. Due to lacking of explicit limit state equation in first order reliability method (FORM), solution is hard to obtain on building fire risk analysis; The direct Monte Carlo simulation will face huge computation. Therefore, a new analysis method based on improved response (IRS) is proposed, which constructed by uniform design (UD) and non-parametric regression (NR), and then, obtains the available safety egress time (ASET) and the required safety egress time (REST) probability distribution with Monte Carlo simulation. Through a practice of building fire risk analysis, the results show that UD picks up test inputs data together with alternative conditional expectation ACE regression for constructing response surface (RS) provide a small computation and good fitting effects method.
Introduction
The performance based fire safety design (PBFSD) is widely accepted in recent years. Generally, there are two parameters evaluated in PBFSD, i.e. available safety egress time (ASET) and required safety egress time (RSET) [1] . They can be calculated through specified fire dynamics analysis software, for example CFAST, and evacuation simulation software, for example EVACNET [2] [3] . To account for the uncertainties of calculation parameters and evaluate the reliability of a fire safety design, the probability based reliability calculation is a traditional approach [4] . However, there are no explicit limit state functions provided by the software for a complex system which generally attaches the reliability analysis to computational Monte Carlo simulation (MCS).
To avoid above problem, many kinds of response surface (RS) based method were proposed [5] [6] [7] . The study introduces an improved RS method based on uniform design and non-parametric regression to analyze the reliability of occupant evacuation in a fire building considering the uncertainties of calculation parameters. The probability distributions of ASET and RSET are first calculated by RS based MCS, and then the reliability index of evacuation safety are calculated based on these probability distributions.
Calculation Process
It is required that ASET should be larger than RSET in a fire safety design [1] [2] .Thus the reliability problem of occupant evacuation can be written as,
Where, P f is failure probability. As mentioned above, ASET and RSET can be calculated through current available software, which generally provide no explicit limit state function. To overcome this problem, RS method can be introduced. An improved RS method proposed in this paper mainly include the following four steps: 1) Arrange the parameter groups for the construction of RS function. An uniform design method (UDM) is introduced to reduce the trial computation efforts.
2) Calculate the ASET and RSET for different parameter groups respectively through CFAST and EVACNET.
3) Construct the RS function. An non-parametric regression technique, alternative conditional expectation (ACE), is introduced to get better data fitting between input parameters and output results.
4) Reliability analysis through RS based MCS.
Arrange Parameter Groups by UDM
The motivation of UDM proposed by Fang and Wang is to reduce the test work through proper arrangement of experimental datum [8] . As a special test carried out by computer simulation, construction RS can also adopt same idea to reduce the simulation work [9] . For a m parameter problem, X 1 , X 2 ,…, X m , the arrangement of parameter groups through UDM can be carried out as following steps:
, where
is the minimum and maximum of the ith parameter.
2) Divide each parameter range into n level.
( )
Where ij X denotes the jth ( n j ,..., 2 , 1 = ) level of the ith parameter.
3) Chose proper uniform design table (UDT) according to parameter number and level number. UDT is constructed by power generation method proposed by Fang [10] and there are series of UDTs prepared for use in Ref [8] .
Determination of RSET and ASET RSET is the required time begins with fire breaking out and ends with occupants evacuated to safety area. It is the sum of fire detection time alarm t , the preparation time pre t and travel time move t [1] .
In this paper, RSET of a fire building is calculated by the software EVACNET. ASET is available time for safety egress. Generally, it begins with fire breaking out and ended by either one of the following conditions: (1) Thermal radiation fluxes > 0.25W/cm 2 ;(2) The temperature of upper hot smoke layer > 180 ; (3) The height of upper hot smoke layer to the floor <2.0 m [2] . ℃ These three states and together with corresponding ASET are analyzed by the software CFAST.
Non-Parametric Regression
After all RESTs and ASETs of corresponding input parameter groups are calculated through EVACNET and CFAST, a non-parametric regression method, ACE [11] , is introduced to construct the RS function. The basic idea of ACE is to look for the nonlinear transform relations between inputs 
Where, ε is the fitting error. Thus the RS function will have the form:
Where, ( ) .
Θ is the inverse function of θ . ACE analysis of input and output parameters in this paper are carried out in the software S-Plus.
MCS basing on RS Function
After the RS functions for ASET and RSET are obtained, MCS can be carried out directly basing on RS functions. This avoids the time consuming work of CFAST and EVACNET and make huge mount of MCSs possible. In this paper, MCS can be carried out basing on an interpolation algorithm basing on RS function.
Example
The case is a two floor office building. There are 3 stair cases and 2 security exits denoted by DS1, DS2, see Fig.1 , the fire load density f q , the fire height fuel H , pedestrians density ρ , walking speed ν and the exit discharge coefficient f . For convenience, the probability distributions of these parameters are list in table 1 and for convenience they are also denoted by 10 1~X X . Fig.1 The layout of floor plan (mm) The reliability analysis is carried out step by step according to the process list in section 2. 1) Arrange parameter groups by UDM. The maximum and minimum of each parameter are list in table 1. There are totally 27 levels determined and based on which a UDT named U27* (27 10 ) is used to arrange the parameter groups, see table 2.
2) Determination of RSET and ASET. For each parameter groups, corresponding ASETs and RSETs are calculated respectively by CFAST and EVACNET. They are also list in table 2.
3) Non-parametric regression. The ten input parameters and corresponding output results (ASETs and RSETs) are analyzed by ACE provided by S-plus 8.0. The correlation coefficient is 0.971 for RSET and 0.966 for ASET. The result mapping functions ) ( i i x ϕ and ) ( y θ are plot in Fig.2-Fig.12. 4) MCS basing on RS Function. 100000 times of MCSs are carried out basing on the RS functions provide in step 3) through the interpolation algorithm described in section 2.4. The Probability distributions of ASET and RSET are plot in Fig.13 . Table 2 U27*(27  10 ) uniform design tables   groups  factor  1  2  3  4  5  6  7  8  9  10  11  12  13 (x8) -x8 ϕ Fig.10 . (y) -y θ Fig.13 . The probability of RSET、ASET According to safety evacuation guideline, if the available safety evacuation time is greater than the required safety evacuation time, the people in building can safely evacuated, that is ASET>RSET [1] . So the limit status equation is RSET -ASET Z = . When 0 > Z , the people are safely evacuated, and when 0 < Z , evacuation is incomplete. Based on the probability distribution of the 100,000 times Monte Carlo simulation seen in Fig. 13 , the reliability index β is 2.0048.
Conclusion
Combining UDM and ACE regression, this paper proposed an improved RS method, based on which, the probability distributions of RSET, ASET and corresponding reliability index of occupant evacuation can be efficiently obtained. The conclusion can be drawn as below:
1) The introduction of UDM can significantly reduce the time of trial computation for the construction RS especially for those problem with many parameters.
2) It can get high fitting accuracy because of the adaptation of non-parametric ACE regression technique, at the same time, the MCS based on RS can avoid the large computational problem of direct MCS.
